Forest Stand Delineation from Unsupervised Classification of Optimal Landsat Spectral, Landsat Texture and Topographic Channels by Logan, Thomas L. & Strahler, Alan H.
Purdue University
Purdue e-Pubs
LARS Symposia Laboratory for Applications of Remote Sensing
1-1-1980
Forest Stand Delineation from Unsupervised
Classification of Optimal Landsat Spectral, Landsat
Texture and Topographic Channels
Thomas L. Logan
Alan H. Strahler
Follow this and additional works at: http://docs.lib.purdue.edu/lars_symp
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Logan, Thomas L. and Strahler, Alan H., "Forest Stand Delineation from Unsupervised Classification of Optimal Landsat Spectral,




Machine Processing of 
Remotely Sensed Data 
and 
Soil Information Systems 
and 
Remote Sensing and Soil Survey 
 








Indiana  47907  USA 
 
IEEE Catalog No. 
80CH1533-9 MPRSD 
 
Copyright © 1980 IEEE 
The Institute of Electrical and Electronics Engineers, Inc. 
 
Copyright © 2004 IEEE.  This material is provided with permission of the IEEE.  Such 
permission of the IEEE does not in any way imply IEEE endorsement of any of the 
products or services of the Purdue Research Foundation/University. Internal or personal 
use of this material is permitted.  However, permission to reprint/republish this material 
for advertising or promotional purposes or for creating new collective works for resale or 
redistribution must be obtained from the IEEE by writing to pubs-permissions@ieee.org. 
 
By choosing to view this document, you agree to all provisions of the copyright laws 
protecting it. 
 
FOREST STAND DELINEATION FROM UNSUPERVISED 
CLASS I F  ICAT ION OF OPT1 MAL LANDSAT SPECTRAL, 
LANDSAT TEXTURE AND TOPOGRAPHIC CHANNELS 
THOMAS L .  LOGAN 
J e t  Propulsion Laboratory/California 
I n s t i t u t e  of Technology 
ALAN H, STRAHLER 
Universi ty of Cal i fornia  
Landsat da ta ,  i n  conjunction with 
c o l l a t e r a l  d a t a  sources such a s  synthe- 
s ized t e x t u r e  channels and d i g i t a l  
t e r r a i n  models, can be used t o  de l inea te  
f o r e s t  s tands  and o t h e r  ecological  land 
u n i t s  found i n  t h e  coniferous North 
American f o r e s t  environment. Incorpor- 
a t i o n  of t ex tu re  and t e r r a i n  channels 
enhances s i t e - s p e c i f i c  s t r a t i f i c a t i o n  of 
Landsat data ,  promoting de l inea t ion  of 
f o r e s t  s tand u n i t s  of a s i z e  and homo- 
geneity approaching those found on 
manually prepared maps used in the  
management of timber, range, w i l d l i f e ,  
watershed and rec rea t iona l  resources.  
The procedure is  a j o i n t  research 
e f f o r t  between the  J e t  Propulsion 
Laboratory of the  Cal i fornia  Tns t i tu te  of 
Technology and t h e  Universi ty of Califor-  
n ia  a t  Santa Barbara. The c l a s s i f i c a t i o n  
approach includes 1) compressi ng Landsat 
s p e c t r a l  d a t a  i n t o  one o r  tm new channels 
of data  using r a t i o  and p r i n c i p l e  
components techniques ; 21 generating two 
t ex tu re  measures where one channel 
emphasizes tona l  con t ras t  aer ived from 
s t a t i s  t i c a l  t e x t u r e  techniques and the  
o t h e r  emphasizes s p a t i a l  e x t e n t  and shape 
using image segmentation procedures ; 3 )  
processing National Cartographic Tnforma- 
t i o n  Center - U , S ,  Geological Survey 
Dig i t a l  Terrain information i n t o  e leva t ion ,  
s lope and aspect  channels; 4 )  reducing t h e  
number of  synthesized channels by using 
divergence ana lys i s  t o  i d e n t i f y  channels 
not  con t r ibu t ing  s i g n i f i c a n t l y  t o  the  
separa t ion  of preliminary t r a i n i n g  c lasses ;  
5)  in t roducing s p a t i a l  cons t ra in t s  by 
including l i n e  and sample coordinates i n t o  
the  unsupervised c l a s s i f i c a t i o n  algorithm; 
and 6 )  properly weighting se lec ted  s p e c t r a l ,  
t e x t u r e  and t e r r a i n  channels such t h a t  no 
s i n g l e  da ta  s e t  overpowers t h e  o the r s  i n  
unsupervised c l a s s i f i c a t i o n .  
The combination of s p e c t r a l  tone,  
tona l  t ex tu re ,  s p a t i a l  t e x t u r e ,  topographic 
d a t a  and l i n e  and sample loca t ion  
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coordinates,  i s  l i k e l y  t o  be s u f f i c i e n t  
f o r  the  s tand del ineat ion task  because 
each contr ibutes  a separa te ,  independent 
piece of information towards the  s tand 
de l inea t ion  problem. Spectra l  tone i s  
most important f o r  recognizing the  e x i s t -  
ence of a f e a t u r e  and combines with the  
topographic data  t o  provide species  
information. Tonal t e x t u r e  measures t h e  
neighborhood c o n t r a s t  of s p e c t r a l  tones 
providing an ind ica t ion  of r e l a t i v e  timber 
volume. S p a t i a l  t ex tu re  s t r a t i f i e s  tone 
t o  quant i fy  t h e  s p a t i a l  ex ten t  and shape 
of tona l  pa t t e rns .  The topographic in fo r -  
mation p r w i d e s  a powerful independent 
parameter wel l  known t o  improve f o r e s t  
c l a s s i f i c a t i o n  accuracies because af i t s  
ecological  p r e d i c t i e e  e f f e c t .  Inclus ion 
of l i n e  and sample coordinates introduces 
a s t rong  s p a t i a l  c o n s t r a i n t  designed t o  
permit ana lys t  r egu la t ion  over the  auto- 
matic merging of d i s t a n t  and unrela ted ,  
but  s i m i l a r  appearing fea tu res .  
Target area  f o r  generation of maps 
de l inea t ing  f o r e s t  s tands  and r e l a t e d  
ecological  land u n i t s  is the  220 square 
kilometer Doggett Creek watershed located 
i n  the  Klamath National Fores t  of northern 
Cal i fornia .  The mountainous topography 
ranges from 500 t o  2100 meters i n  e l eva t ion ,  
and bears  a va r i e ty  of important coniferous 
timber types including douglas f i r ,  
ponderosa pine,  white and red f i r ,  and 
severa l  miscellaneous hardwoods such a s  
black oak and madrone. 
Pa r t  of t h e  research described i n  t h i s  
paper was c a r r i e d  o u t  a t  the  J e t  Propulsion 
Laboratory, Ca l i fo rn ia  I n s t i t u t e  of Tech- 
nology, under NASA Contract NAS 7-100. 
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